Six patients with Japanese encephalitis, four males and two females whose age ranged between 2 and 47 years, were subjected to neurophysiological and radiological studies. An EEG in five of the patients showed diffuse delta wave activity and one had an alpha coma. Delta activity seems to be due to thalamic involvement, which was seen on CT of two and MRI of all the patients. The thalamic lesions were characteristically bilateral and were haemorragic in five. Changes on MRI included abnormalities of the brainstem in three and the basal ganglia and spinal cord in one patient each. Lower motor neuron signs were present in three patients but abnormal MRI signals in the spinal cord were present in only one out of three patients in whom spinal MRI was carried out. Central motor conduction time in the upper limb was prolonged in three patients (five sides) and in the lower limbs in one (both sides), which was consistent with involvement of the cerebral cortex, thalamus, brainstem, and spinal cord. Changes in MRI and EEG in the acute stage may provide early diagnostic clues in patients with Japanese encephalitis.
Epidemics of Japanese encephalitis are prevalent in the Indian subcontinent. Japanese encephalitis is common in the rainy season, from June to September. Clinical and epidemiological studies on Japanese encephalitis have been reported.' 2 The diagnosis of Japanese encephalitis depends on the demonstration of rising titres of antibodies in serum samples, which delays the diagnosis by a few weeks. Differentiation of Japanese encephalitis from other types of encephalitis, especially herpes simplex, is important. Little attention has been paid to the changes in EEG, CT, and MRI in Japanese encephalitis.35 Careful analysis of clinical, radiological, and electrophysiological changes may improve the understanding of Japanese encephalitis and help in early diagnosis.
Patients and methods
Six patients were confirmed to have Japanese encephalitis by positive haemagglutination inhibition tests for IgM antibodies to Japanese encephalitis virus.6 A fourfold or higher rise was considered diagnostic of Japanese encephalitis infection. Neurological assessment included the Glasgow coma scale, muscle power, reflexes, and sensations. Detailed evaluation of autonomic function (blood pressure response to change of posture and cold immersion, handgrip, and RR interval variation on respiration) was performed in the convalescent phase as and when the patient was sufficiently cooperative. Dysautonomia was diagnosed if two or more of these tests were abnormal. An EEG was recorded with a 10 channel machine employing a 10-20 system of electrode placement. Median somatosensory evoked potentials were recorded by stimulating the median nerve at the wrist, recording from Erb's point and the contralateral parietal cortex with a midfrontal reference. Tibial somatosensory evoked potentials were obtained by stimulating the tibial nerve at the ankle and recording from the spinous process of LI vertebra referred to L3 and from Cz with a mid-frontal reference. Central sensory conduction time (CSCT) was calculated by subtracting the Erb's point or LI latency from the parietal cortex (Ni 9) or vertex (P40) latency respectively.7 8 Central motor conduction time (CMCT) was studied by transcranial electrical stimulation. The CMCT to the abductor digiti minimi was calculated by subtracting the latency on C7 stimulation from that on cortical stimulation; similarly CMCT to the tibialis anterior was calculated by subtracting the latency on LI stimulation from that on Cz stimulation. 8 Computed tomography ( Computed tomography was performed on five patients. It showed non-enhancing low Table 2 Distribution ofMRI changes in patients with Japanese encephalitis Patients number in the thalami. There are only two reports of MRI changes in Japanese encephalitis. In the first the MRI was performed on a 0-5 T scanner, and the changes included hyperintense lesions in T2 in the thalami. Some of these patients, however, had previous cerebral infarctions, which render the interpretation of the MRI difficult. 4 In the other study the hyperintense lesions in T2 were reported after five months to three years and persisted even after three years.9 The MRI findings in our study are consistent with the histopathological changes in Japanese encephalitis, which include a polymorphonuclear or lymphocytic inflammatory response with neuronophagia, glial proliferation, and focal haemorrhagic areas. These changes are mainly found in the cerebral cortex, basal ganglia, brainstem, cerebellum, and spinal cord.
Japanese encephalitis is an encephalomyelitis.'011 In three of our patients focal wasting and EMG changes were suggestive of anterior horn cell involvement but abnormal MRI signals in the spinal cord were found in one patient only. Spinal cord involvement in Japanese encephalitis, however, is well known'0"1 but MRI findings have not been reported so far. Changes in MRI in viral myelitis are similar to those in multiple sclerosis, and spinal MRI is positive in 75% to 86% of the patients with clinically suspected multiple sclerosis.12 It is possible that gadolinium enhancement could have shown a higher frequency of spinal cord involvement in our study.
The EEG in our patients showed a constant pattern of diffuse delta activity, which seems to be due to bilateral thalamic involvement. Thalamic lesions produce delta waves of varying degree and extent encompassing the whole ipsilateral hemisphere. Delta waves can be generated by lesions of the thalamus in cats.'3 In our patients the improvement in the EEG correlated with clinical recovery (fig 2) . Similar EEG changes in the acute stage have been reported by other investigators.35 Spikes and seizure discharges are rare and a burst suppression pattern has been reported in deeply comatose patients. Although EEG reflects the severity of brain damage it is not a good predictor of the outcome.' Association of alpha coma with Japanese encephalitis has not been reported earlier. Our patient with alpha coma improved, contrary to its usually poor prognosis. The involvement of the brainstem at or below the level of the pontomesencephalic junction is responsible for alpha coma. In some patients the lesions have extended rostrally into the midbrain and thalamus, but in these patients a part of the brainstem tegmentum with its ascending pathways to the cortex seems to be spared. These are sufficient to maintain the alpha pattern but insufficient for full consciousness. '4 Sensory impairment in Japanese encephalitis seems to be less prominent and less frequent compared with motor deficits. Sensory examination was normal in all the patients and somatosensory evoked potentials were also normal in all except one side. In another study the sensory abnormality was present in two out of 68 patients.'5 Central motor conduction was abnormal in the upper limb in five sides, suggesting the impairment of large diameter fast conducting motor pathways. The prolongation of CMCT is a feature of subcortical damage whereas inexcitability of central motor pathways is found in both cortical and subcortical involvement.7 In our study the high frequency of prolonged CMCT may be due to widespread involvement of white matter, thalamus, brainstem, and spinal cord. Lower motor neuron involvement resulting in wasting and loss of reflexes seems to be due to anterior horn cell defects, because of normal nerve conduction studies and neurogenic changes in EMG. The common occurrence of extrapyramidal dysfunction in Japanese encephalitis is attributed to involvement of the substantia nigra and basal ganglia."5 In our study only one patient had appreciable and another minimal signal alteration in the midbrain. One patient with severe rigidity tremor and mutism had no midbrain involvement on MRI. These features in the absence of a midbrain lesion may be attributed to bilateral thalamic disruption, as the thalamus is the final common output for the extrapyramidal system. 16 Bilateral thalamic involvement, especially haemorrhagic damage, seems to be the most common finding on MRI in Japanese encephalitis. In a patient with clinically suspected encephalitis, specially in an endemic area, characteristic MRI and EEG changes may provide important diagnostic clues before serological confirmation.
